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This investigation presents a composite of the histo¬
chemistry and cytochemistry in larvae of small strigeids and
two other poorly studied trematodes, Euhaplorchis californ¬
iensis and Maratrema uca. Through histochemical and cyto¬
chemical methods, the presence of carbohydrates, lipids and
proteins has been detected. Light microscopy, studies
demonstrated that hydrolytic enzymes were present in most of
the target tissues observed. The phosphatases were specifi¬
cally localized in the oral suckers of the rediae and
developing cercariae, and in the pharynx areas of the latter
larvae. Ultrastructurally, these phosphatase activities were
observed to be associated with the microvilli of the tegument
1
2
and the membranous structures of the cytoplasmic layer,
strongly suggesting that phosphatases may be associated with
absorption and transfer of nutrients into the body of the
developing larvae.
Histochemlcal localization of dehydrogenases was
specifically observed in the oral sucker and body wall of
the redia, and also in the oral sucker, acetabulum and nerve
tracts of the developing cercaria. Furthermore, specific
dehydrogenases were localized cytochemically within the
mitochondrial membranes, suggesting that the major energy-
producing pathways are available to the trematodes.
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Hlstochemical localization of hydrolytic
enzymes has been reported in Fasciola hepatica (Moore
and Halton, 1974), Plagiorchis elegans (LeFlore, 1979)
and Cloacitrema michiganensls (LeFlore, ^ ad. 1980b) .
Probert (1966) reported a weak reaction for acid
phosphatase in the tegument of the redia of
Echinoparvphiuro recurvatum. and a stronger reaction in
the tegument and oral sucker of developing cercariae,
which is probably associated with cellular differentia¬
tion. Moore and Halton (1974) reported the presence of
non-specific esterase, alkaline phosphatase, acid
phosphatase, glycogen and fatty acids in the tissues of
rediae and cercariae of Fasciola hepatica. Their
results showed slight activity of acid phosphatase and
alkaline phosphatase in the tegument, oral sucker and
gut of rediae, while stronger activity occurred in
cercarial tissues. The cercarial suckers were rich in
glycogen, and glucose was also present at these sites.




Similarly, several studies have described the
histochemical localization of dehydrogenases in the
larval stages of rhabdocoels (Jennings and LeFlore,
1979) and the trematodes, including Plagioporus lepomis
(Porter and Hall, 1970), Plagiorchis elegans (LeFlore,
1978), and Cloacitrema michiganensis (LeFlore, ^ al.
1980a). However, few ultrastructural studies on the
sites of dehydrogenase activity have been reported.
Barrnett and Palade (1957) applied histochemical
techniques and demonstrated sites of dehydrogenase
activity in the fine muscle bundles, the mitochondria,
the nuclei and nucleoplasm.
The rediae and sporocysts, which represent lower
levels of organization, parasitize the digestive glands
of mollusks. These larval stages of trematodes used for
the present study, namely Euhaplorchis californiensis.
Maratrema uca and small strigeids, differ in their life
cycles in several respects. They all use different
hosts for sites of development. The stages between the
miracidlum and cercarlae differ and the sites of
encystment differ. The miracidlum hatches from the egg
and escapes as a ciliated organism. This larva infects
the mud snail, Cerethidea californica, sheds its cilia
and develops into either a sporocyst (e.g. Maratrema uca
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and small strigelds) or redia (e.g. Euhaplorchls
callforniensls). The redia and sporocyst differentiate
into a cercaria which actively leaves the molluscan host
and seeks a second host, l.e. Fundulus parvipinis
parvipinis for Euhaplorchls callforniensls and small
strigelds and Uca crenulata for Maratrema uca. The
cercaria encysts as a metacercaria in various tissues of
the second intermediate host, e.g. the brain and muscle
of Fundulus parvipinis parvipinis for Euhaplorchris
callforniensls and small strigelds, respectively, and
the muscle of Uca crenulata for Maratrema uca. The
metacercaria Infects the natural definitive host, Larus
californicus, where it matures into the adult stage.
The present investigation was designed to study
larval stage trematodes of Euhaplorchls callforniensls,
Maratrema uca and small strigelds, using histochemlcal
and cytochemical methods. These parasites have special
advantages for experimental investigations, especially
biochemical and physiological, because they are readily
available and not infective to man. Several histochemi-
cal methods were done to detect, light microscopically,
the presence of carbohydrates, lipid and proteins.
Histochemlcal localization of several dehydrogenases and
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hydrolytic enzymes was determined both light and elec¬
tron microscopically. Activities of the following
dehydrogenases were observed: G-phosphogluconic
dehydrogenase (6-PGDH), glucose-6-phosphate dehydrogen¬
ase (G-6-PDH), alpha-glycerophosphate dehydrogenase
(alpha-GPDH} , lactate dehydrogenase <LDH), malate
dehydrogenase (MDH), alcohol dehydrogenase (ALDH),
glutamate dehydrogenase (GLDH), beta-hydroxybutyrate
dehydrogenase (beta-HBDH), NADH diaphorase (NADHD) and
NADPH diaphorase (NADPHD) . Studies were also conducted
using the following hydrolytic enzymes: non-specific
esterases (NSE), acetylcholine esterase (AChE), leucine
aminopeptidase (LAP), acid phosphatase (AcP) and
alkaline phosphatase (AlP).
The results of this study provide a significant
contribution to our knowledge on nutrition, metabolism
and structure of the nervous system of these parasites.
Furthermore, many of the larval trematodes which
naturally infect Cerethidea californlca belong to the
same families as some that are of medical, veterinary




Erasmus (1958) observed that the sporocysts of
strlgeids are slender, unbranched, tubular structures
that are pale cream in color. The sporocyst lumen
decreases in diameter at one end, so that the parasite
terminates in a solid, conical mass of cells. This
solid tip has, at one side, a well-defined birth pore
with protruding lips. The birth-pore is connected to
the general lumen of the sporocyst by a narrow canal and
this is capable of considerable extension, allowing the
passage of the cercariae to the exterior. The sporocyst
is completely covered by a cuticle. Muscle fibers are
below the cuticle. The lumen of the sporocyst contains
cercariae at all stages of development. Numerous large
flame cells are present. Mature cercariae leave the
sporocyst through the emergence canal and birth-pore,
which contracts and closes up after the passage of each
cercaria. In this way, emergence of cercariae does not
necessitate the rupture and destruction of the
sporocyst.
Martin (1949) observed that rediae of Euhaplorchis
californiensis are simple sac-like structures which are
devoid of ambulatory processes. The walls of the redia
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contain orange-red colored granules. The digestive
tract consists of a mouth, pharynx and short sac-shaped
gut. The size of the redia varies with its age. The
small redia contains only germ balls, while the large
redia generally contains both germ balls and cercariae.
A birth-pore is located near the pharynx of the rediae.
Martin and Adams (1961) observed that rediae of
Acanthoparvphium spinulosum contained orange-red spots
in the body wall. These pigments were considered to be
carotene which was obtained, unaltered, from the snail
host whose was its algal food. The size of the redia
varies a great deal with age, but the size of the
pharynx tends to remain nearly uniform in both the
small and large redia. Small rediae have two lateral
lappets near the posterior end and a collar near the
anterior end. The gut extends almost the body length.
In larger rediae, the lateral lappets disappear, but the
collar is still present.
Adams and Martin (1963) observed that the rediae of
Himasthla rhigedana are bent and have two prominent
locomotor appendages on the posterior portion of the
body. The large muscular pharynx of the rediae
continuous with a saccular intestine, which may extend
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posteriorly three-fourths of the body length. A collar
is located slightly posterior to the pharynx and the
birth-pore is just behind the collar. The cercariae
within each mature redia are usually very similar in the
degree of their development and numbers, ranging from
three to six.
Rees (1966) observed that young and old rediae of
Parorchis acanthus, taken from the digestive gland and
gonads of Nucella lipillus. have anterior collar-like
folds and mid-ventral birth papillae. The pharynx is of
fairly uniform size, irrespective of the size of the
redia. In the young redia, the pharynx is relatively
much larger than in the older redia, which suggests that
relatively more food may be absorbed by the mouth in the
young stage. Up to 55 cercariae may be present in a
redia which contains simple nervous and excretory
systems are present.
Histochemical Demonstration of Proteins; Hydrolytic
Enzymes
Observations on the metabolism of amino acids and
protein of sporocyst stages have been made by Cheng
(1963). In an analysis of amino acid (bound and free)
content of the hepatopancreas of Phvsa gyrina and the
sporocysts of Glvpthelmlns guieta, Cheng (1964) was able
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to show that the amino acids identified in the sporocyst
corresponded to those removed from the digestive gland
tissues of Echinoparvphium recurvatxam. It was also
suggested by Cheng and Yee (1968) that the presence of
leucine aminopeptidase (LAP) activity in the body wall
of rediae of Philopthalmus gralli may contribute to
the lysis of host cells and may facilitate migration
through host tissues. Furthermore, Porter and Hall
(1970) demonstrated LAP activity only in the flame cells
of the cotylocercous cercaria of Plagiorchis lepomis and
suggested that this enzyme may function with other
enzymes in the hydrolysis of oligopeptides. Though
cercarial flame cells may be primarily osmoregulatory in
function. Porter and Hall (1970) also suggested that the
presence of LAP is consistent with the belief that flame
cells also play a role in excretion of nitrogenous
wastes. However, LeFlore ^ (1980b) detected no LAP
activity in cercariae of Cloacitrema michiganensis.
Probert (1966) made hlstochemical observations on
the rediae and developing cercariae of Echinoparvphium
recurvatum. Hlstochemical tests were carried out on
cryostat sections. A weak reaction for acid phosphatase
(AcP) was seen in the tegument of the redia and a
stronger reaction in the tegument and suckers of
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developing cercarlae. The caecal walls and contents,
together with the oral lips of the pharynx, were
strongly AcP-positIve. Similarly, Moore and Halton
(1974) reported a moderate to strong reaction for AcP
in the caecal cells of Fasciola hepatica rediae. In
addition. Porter and Hall (1970) observed AcP activity
in the flame cells, excretory tubules and cytoplasm of
the caudal gland in Plaqiorchis lepomis.
In addition, Moore and Halton (1974) reported that
alkaline phosphatase (AlP) activity was localized in the
oral region and gut content of the redia of Fasciola
hepatica, while slight staining occurred in the pharynx
of the developing redia. On the other hand, Probert
(1966) reported that AlP did not appear to be present in
the tegumental wall of the rediae of Echinoparvphium
recurvatum. However, AlP was seen in the suckers and
tegument of the developing cercarlae, probably associat¬
ed with cellular differentiation. Furthermore, Porter
and Hall (1970) reported that AlP, ATPase and Glucose-6-
phosphatase activities were also found in the cytoplasm
of the caudal gland of Plaqiorchis lepomis cercarlae,
suggesting that active glycogen metabolism and selective
reabsorption occur in this region. In cercarlae of
Plaqiorchis eleqans, LeFlore (1979) localized both AcP
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and AlP activities in corresponding sites within those
organs which are primarily composed of muscles, such as
the tail, acetabulum, oral sucker, excretory bladder and
caudal pocket. In cercariae of Cloacitrema michiqanen-
s i s, however, LeFlore e_t ( 1980a) observed
phosphatase activity only in the gut, suggesting that
this structure is physiologically active. According to
LeFlore (1979), the occurrence of phosphatases in the
muscular organs may possibly be correlated with carbo¬
hydrate metabolism and energy transfer in these struc¬
tures. More specifically, he suggested that the presence
of phosphatase activity in the excretory bladder may be
involved in secretory and absorptive functions, as well
as in energy transfer. The presence of these enzymes,
especially AcP, in the area of the caudal pocket may
also be associated with lysosomal activity involved in
the process of shedding the tail as the cercariae
penetrate the second intermediate host.
Additionally, (NSE) and AChe activities have been
reported in the redial and cercarial stages of a few
trematodes. Including Fasciola hepatica (Moore and
Halton, 1974), Plagiorchis eleqans (LeFlore, 1979) and
Cloacitrema michiqanensis (LeFlore ^ , 1980b) .
Moore and Halton (1974) localized moderate to intense
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NSE activity In the caecal epithelium and Iximen of the
rediae, and only slight activity in the outer tegument
and germinal clusters. LeFlore (1978) reported an
intense localization of both NSE and AChE activities in
the area of the caudal pocket of Plaoiorchis elegans.
These activities were abolished when eserine was
included in the incubation media, suggesting that this
area is a posterior nerve mass or ganglion which may be
involved in the coordination of tail movement. Similar¬
ly, LeFlore ejt a_l. (1980b} observed NSE and AChE
activities in cercariae of Cloacltrema michiganensis in
the nervous system and those structures which are richly
supplied with nerves. Intense localization of AChE, and
to a lesser extent, NSE was observed in the genital
primordia.
Histochemical Demonstration of Proteins; Dehydrogenases
Porter and Hall (1970) reported dehydrogenase
activites in three main areas in the cercaria of
Plagiorchis lepomis. namely the subtegumental area, the
nervous system, and the oral and ventral suckers. In
Plagiorchis elegans, LeFlore (1978) reported positive
reactions for several dehydrogenase systems. Except for
ALDH and GLDH, both of which was totally negative, a
generalized distribution of dehydrogenase activity was
obtained in the tail, the tegument and a variety of
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scattered cells which are presumably parenchymal and
cystogenous gland cells. The reaction was particularly
strong at all sites for SDH, MDH, ICDH, alpha-GPDH and
G-6-PDH. The tall was the only structure of the
cercarlae to give a reaction for GLDH. According to
LeFlore (1978) the pattern of strong dehydrogenase
activity In the tall Is associated with its capacity for
considerable extension and contraction. Furthermore,
the strong dehydrogenase activity In the cystogenous
gland cells of the caudal pocket, which Is the point of
attachment of the tall, suggests that this area Is
linked with production of energy necessary when the tall
Is discarded as the cercarla penetrates the second
Intermediate host.
In cercarlae of Cloacltrema mlchloanensls. LeFlore
et al. (1980a) observed positive reactions for nine of
the twelve hlstochemlcally demonstrable dehydrogenases,
showing that most of the known metabolic pathways are
available to these cercarlae. The presence of G-6-PDH
and 6-PGDH, for example, demonstrates that there Is a
functional pentose-phosphate cycle. The presence of
alpha-GPDH and LDH suggests that a typical glycolytic
sequence from glycogen to lactic acid may also be
available. The presence of strong reactions for NADHD
and NADPHD throughout the tissues suggests that Kreb's
13
cycle Is functional In the cercariae of Cloacetrema
mlchlganensls.
In contrast to observations of LeFlore (1978) in
Plagiorchis elegans, reactions for GLDH were negative in
all organs of the cercariae of Cloacetrema michiganensis
as reported by LeFlore ^ aJL. (1980a). AIDH and
beta-HBDH were also reported to be negative (LeFlore et
al., 1980a), suggesting that alcoholic fermentation and
oxidation of fatty acids do not occur, or occur at
relatively low levels in cercariae of Cloacetrema mich¬
iganensis .
Histochemical Demonstration of Carbohydrates
Cheng and Snyder (1962) observed that the increase
in glycogen stored in the cercarial bodies corresponded
to the increase in glycogen within the digestive gland
of the mollusk. They also reported the presence of
glucose in the tissue of the sporocyst wall of
Glvpthelmins pennsvlvaniensis. as well as in the host
tissue. According to Cheng and Snyder (1962), these
observations suggest that glucose, either obtained as
such or derived from host glycogen passes through the
sporocyst wall and becomes stored as glycogen in the
cercarial body. Stored glycogen appears during various
stages of development, reaching a maximum in fully
formed cercariae.
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The experiments of McDaniel and Dixon (1967) have
shown that redial tissues of Parorchis acanthus absorb
and incorporate significant amounts of exogenous glucose
into polysaccharide under in vitro conditions. The rate
of glucose uptake was markedly depressed by phlorizin
and atmospheres containing nitrogen or carbon dioxide.
James and Bowers (1967) observed the occurrence of
glycogen in Bucepha1opsis haimaena. indicated by Best's
carmine and periodic acid Schiff (PAS)-positive granules
which were labile to diatase and hyaluronidase. In spo-
rocysts, glycogen granules were seen associated with the
body wall. Rediae showed heavy concentrations of glyco¬
gen among the host-cell debris within the redial gut and
also in the body wall and oral sucker. Glycogen first
appeared in the developing cercariae at the germ ball
stage and accumulated progressively as development
proceeded. More fully developed cercariae, however, had
large deposits of glycogen in their suckers, tails and
parenchymal cells, particularly those in the posterior
region of the body. There appeared to be a definite
increase in the amount of free glycogen in the Intertub¬
ular spaces of the digestive gland. James and Bowers
(1967) suggested that this increase was probably due to
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the breakdown of gland cells by rediae and the subse¬
quent release of stored glycogen. In uninfected snails,
diatase and hyaluronidase activities were seen scattered
throughout the cytoplasm of the digestive gland cells,
particularly in the basal regions.
Reader (1970) showed that both the absorptive and
secretory cells of the digestive gland of uninfected
Bithvmia tentaculata snails were rich in glycogen, which
appeared as a fine granular material scattered through¬
out the cytoplasm. Glycogen granules were also seen
associated with the intertubular connective tissue net¬
work. There was also some activity in the tubule lumen
and in the intertubular spaces. The haemocoel between
adjacent sporocysts showed particularly heavy activity.
The sporocysts themselves showed activity throughout the
body tissues.
Furthermore, Moore and Halton (1974) reported ob¬
servations on the histochemical localization of carbohy¬
drates in the rediae and cercariae of Fasciola hepatica.
They observed that germinal clusters showed no staining
for glycogen, but with further development and elongat¬
ion, the glycogen content Increased markedly. The cer-
carial suckers were rich in glycogen, and glucose was
also present at these sites.
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Hlstochemlcal Demonstration of Lipids
Cheng and Snyder (1962) reported the presence of
fatty acids adhering to and on the interior of the
sporocyst wall of Glvpthelmins pennsvlvaniensis. The
existence of neutral and stored lipids, possibly
including phospholipids, glycopliplds and lipoproteins,
in the sporocysts, rediae and cercariae of Glvpthelmins
pennsvlvaniensis has been described by Ginetzinskaja
(1961) and Ginetzinskaja and Pobrovolskii (1962). They
demonstrated that lipids were deposited in the tegument
of these organisms, that the amount deposited was corre¬
lated with the degree of activity of the cercariae and
that the deposits were entirely used up during the free-
living existence of the cercariae. Ginetzinskaja (1961)
suggested that the lipid globules Increase the buoyancy
of the cercariae, as well as being a source of energy.
James and Bowers (1967) observed a strong positive
reaction to oil red 0, which indicates the presence of
neutral lipids, in the vacuole of the subtegumental
somatic cells of Bucephalopsis haimaena. Traces of
these lipids were also found in the flame bulb cells and
excretory tubules of daughter sporocysts. Sparsely
scattered spherules occurred in the parenchymal cells of
the germinal ball. These spherules increase in number.
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with development, rising to a maximum number in the ful¬
ly formed cercariae.
In contrast to studies by Ginetzinskaja (1961) and
James and Bowers (1967), Moore and Halton (1974)
reported that the lipid content of both rediae and
cercariae of Fasciola hepatica was relatively low. The
rediae exhibited scattered staining with oil red O and
much of this staining was due to fatty acids, which were
demonstrated by their affinity for Nile blue sulphate.
mtrastructure of the tegument
According to several investigators (Belton and
Harris, 1967; Burton, 1964; Deas ^ ^. , 1974; Halton,
1972; Reader, 1972; Rees, 1966; 1971), three basic parts
of the tegument retain the Identity of monogeneans,
trematodes and cestodes, in succeeding stages of their
life cycles. The tegument of the sporocyst, redia,
cercarla, metacercaria and adult is composed of a thin
surface membrane usually separated from an inner
basement membrane by a cytoplasmic layer. Blls and
Martin (1966) observed that the tegument of the redial
stage of Acanthoparvphium spinulosum is similar to that
of the sporocyst of the same species in that they
possess microvillous projections of the single-layer
surface membrane. Similarly, Morris and Halton (1971)
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reported that the tegumentary surface of the sporocyst
stage of the monogenean, Dlclidophora merlangl. revealed
microvilli produced by the folding and projection of a
single layer. On the other hand, BJorkman and Thorsell
(1964) and Morris and Threadgold (1968) reported that
the surface of the tegument of the liver flukes.
Fasciola hepatica and Schistosoma mansoni was lined with
a double membrane which was provided with an
inconspicuous extraneous coat. The configuration of the
surface varied. In some places, it was even and in
others, it had primary and secondary Invaginations.
Within the secondary invaginations, there were micro¬
villi.
The cytoplasmic layer of the tegument contains
numerous mitochondria and vesicles. Burton (1964)
showed in Haematoloechus medioplexus that the dense
cytoplasm consisted of dense, membrane-bound, oval
bodies, which appeared to be the major secretory product
of the perinuclear cytoplasm. Many of the vesicles were
observed to be round or biconcave and appeared to have
lost their membrane boundaries, thus seeming to contri¬
bute their substance to the matrix. Similarly, Kole
(1971a) observed the presence of apical crypts in the
tegumentary surface of the daughter sporocyst of Buccini
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labour, and suggested that the small vesicles in the
apical and middle parts of the tegument were, therefore,
probably pinocytotic vesicles. Halton and Lyness (1971)
and Halton (1972) reported that the irregular outer
surface of the distal cytoplasm in the tegument of the
monogenean, Aspidogastrea conchicola. suggested
pinocytotic activity and that there was good evidence
for the movement of materials away from the cytoplasmic
layer. The secretory product appeared to be synthesized
in association with ribosomes of the endoplasmic
reticulum and collected and concentrated in the Golgi
vesicles.
Burton (1964) showed that the tegument of Haemato-
loechus medioplexus rests on a basement membrane over-
lying distal circular and proximal longitudinal muscle
fibers. The basement membrane is separated fromthe cyto¬
plasmic layer mainly by a clear layer with scattered
small, dense granules and vesicles, and below the base¬
ment membrane there is a loose arrangement of cells.
Similarly, Kole (1971b) made observations on the sub¬
tegumentary layer of the redlae of Neophasis lageni-
formis and reported that several electron-dense granules
similar to those found in the tegument are scattered
throughout the body cavity or brood chamber underneath
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the basal lamina. Within the brood chamber, there were
several germ balls or developing cercarlae which were
bound by a dense, extracellular layer. This dense layer
appeared to be formed from cells or extensions from the
cytoplasmic layer which pass through the basal lamina.
Practically all extensions between this layer and the
brood chamber are in some stage of dissolution, even in
very young rediae. In this way, according to Koie
(1971b), vacuoles, vesicles and alpha glycogen parti¬
cles can enter the brood chamber and penetrate the
cercarlae by endocytosls. Additional ultrastructural
studies of the subtegumentary layer of the redia of
Cryptocotvle lingula (Krupa e^ al.. , 1967) and the
sporocyst of Buccini lebour (Koie, 1971a) also show that
there are cellular extensions traversing from the
cytoplasmic layer to the extracellular layer of the
developing cercaria, allowing the transfer of food
materials to the developing embryo.
Enzyme Cytochemistry
Demonstration of Phosphatases
Molbert et al^. (1969) demonstrated AlP activity at
the electron microscopic level. They observed a fine
precipitate on all outer cellular membranes and the
microvilli. With the phosphatase reaction, the plasma
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membrane stood out as being very active. The sharp
localization of the precipitate suggested a very active
site of the enzymes within or very closely below the
cell membrane.
Cheng (1964) reported studies on phosphatase
systems in the redia and cercariae of Echinoparvphium
sp. The dark precipitate, indicating a positive reac¬
tion for phosphatase activity, was found in the cyto¬
plasm, usually associated with the nuclear membranes
and nucleoplasm. In addition to the nuclear membranes
and nucleoplasm, AlP activity was often observed
associated with membrane bound organelles such as
mitochondria, vacuoles, Golgi complexes and endoplasmic
reticulum.
Although ultrastruetural studies have been
conducted on the localization of phosphatase enzymes in
adult digeneans (Erasmus, 1968), relatively few have
been made on the larval stages. The phosphatases are
considered to be associated with absorptive surfaces.
The possible roles that these enzymes may play have been
discussed by Threadgold ( 1968 ) and Lumsden ejt
al. (1968). These investigators noted that redlae which
had been incubated in a medium containing the
electron-dense tracer, horseradish peroxidase, in an
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attempt to establish the exact means by which molecules
may be taken up, always revealed evidence of transmembr-
anosis. Furthermore, Krupa ^ (1968) found that the
redia of Crvptocotyle lingula exhibited distinct AcP
activity within the tegument, and suggested that
AcP-positive bodies within the deeper subtegumental
regions were lysosomal in nature. Although the actual
sites of synthesis of these enzymes are unknown, Krupa
et al. (1968) observed an association of phosphatases
with the endoplasmic reticulum of the subtegumental
cells, suggesting that the enzymes may be produced
there, prior to being transported into the tegument.
In addition, Koie (1971b) observed, ultrastruc-
turally, the localization of the phosphatase system in
the redia of Neophasis langeniformis. As reported, the
cells of the intestinal lumen contained extensive
granular endoplasmic reticulum and Golgi complexes which
were AcP-positive, suggesting that the enzyme may be
synthesized and secreted by these cells.
Demonstration of Dehydrogenases
The only oxidative enzymes that have been success¬
fully demonstrated at the electron microscopic level in
trematodes are SDH and NADPHD (Nachlas et , 1956;
Barrnett and Palade, 1957; Farber and Louvier, 1955).
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These systems have been found exclusively within the nu¬
clear membrane and outer membranes and crlstae of mito¬
chondria. In contrast, Schneider (1946) presented evi¬
dence from differential centrifugation studies which
suggests that SDH is located in the mitochondria, but is
not associated with the cell nucleus. However, accord¬
ing to Parber ^ sQ. (1956), this question of the pres¬
ence of the nuclear-associated dehydrogenase system can¬
not be settled definitely with cytochemical techniques
which require tetrazoles or tellurite as electron carri¬





Localization of Hydrolytic Enzymes
The laryae examined were those of Euhaplorchis
callforniensis, Maratrema uca and small strigeids from
the naturally Infected California mudflat snail, Cere-
thidea californica. The snails were supplied by Pacific
Bio Marine Laboratories, Venice, California. They were
maintained in the laboratory in finger bowls with a small
amount of artificial sea water.
The larvae were collected from the intestinal wall
of the snails and fixed immediately in 10% formalin
buffered to pH 7.0 with sodium phosphate. Fixation was
at 1 C for 30-60 min and the specimens were flattened by
applying gentle pressure on the coverslips.
After fixation, the larvae were washed with cold
distilled water at 1 C to remove all traces of the
fixative, and examined by the histochemical procedures
listed below. Larvae were treated by: (1) the 5-bromo-
indoxyl acetate method for NSE (Holt and Withers, 1952);
(2) the acetylthlocholine iodide method for AChE (Gomori,
1952); (3) the naphthyl AS-BI phosphate methods for AcP
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and AlP (Burstone, 1958); (4) the L-leucylbeta-naphthyl-
amlde hydrochloride method for LAP (Burstone and Folk,
1956); and the post-coupling 6-bromo-2-beta-glucoronldase
(beta-Glu) (Pearse, 1972). Controls consisted of heat-
inactivation of specimens (held at 90 C for 5 min prior
to incubation), omission of the specific substrate from
the incubation medium or inclusion of eserine 10~3 M in
the incubation medium.
Standard Method for Determining the Presence of
Dehydrogenases
The larvae were dissected from the walls of the
intestines of Cerethidea californica. placed on a slide
and fixed immediately in 10% formalin buffered to pH 7.0
with sodium phosphate. Fixation was at 1 C for 30-60 min
and the specimens were flattened by applying gentle
pressure on the coverslips.
After fixation, the larvae were washed in cold
distilled water to remove all traces of fixative and then
examined histochemically for the dehydrogenases listed
below. Incubation was for 20 min to 2 hr at 37 C. The
methods used were those described by Pearse (1972), Le-
Flore (1978) and Jennings and LeFlore (1979). The sub¬
strates were disodium succinate for SDH, sodium-L-gluta-
mate for GPD, L-mallc acid for MDH, trlsodlum-DL-lso-
cltrate for ICD, sodium-DL-lactate for LDH, disodium
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glucose-6-phosphate for 6-PGDH, reduced beta-nlcotin-
amlde adenine dinucleotide phosphate for NADPHD.
Nicotinamide adenine dinucleotide (NAD) was used as
the coenzyme in the methods for alpha-GPHDH, LDH, MDH,
ICDH and GLDH, while beta-NADP was used for G-6-PDH and
6-PDGH. Controls consisted of heat-inactivated specimens
(held at 90 C for 5 min prior to incubation), omission of
specific substrate from the incubation medium or omission
of the specific coenzyme.
Histochemical Demonstration of Proteins
Ninhydrin-Schiff Method (Yasuma and Itchikawa,
1953)
The larvae were brought down to 70% alcohol and
treated with ninhydrin overnight at 37 C. The organisms
were then washed in tap water, placed in Schiff’s re¬
agent for 4 5 min, and again washed in tap water. The
rediae were counterstained in haematoxylin, washed in tap
water, dehydrated through a series of graded alcohols to
xylene, and mounted in DPX. Pink to red coloration
indicated the presence of proteins.
Dinitrofluorobenzene (DNFB) Method (Danielli, 1950;
Burstone, 1955)
The organisms were placed in absolute alcohol for 2
min removed and allowed to dry in air, then placed in
concentrated DNFB solution for 2-16 hr (or overnight)
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and rinsed in 3 changes of 90% alcohol and then tap
water. The larvae were treated with 5% sodium
hydrosulphite at 45 C for 30 min, washed in distilled
water, treated with nitrous acid for 30 min at 4 C and
washed in cold distilled water. The organisms were then
treated with 2N hydrochloric acid solution at 4 C for 15
min, washed in tap water, dehydrated through graded
alcohols, transferred to xylene and then mounted in DPX.
A reddishpurple coloration indicated a positive reaction.
Histochemical Demonstration of Carbohydrates
Bauer Feulaen Method (Bauer, 1933)
The larvae were rinsed in tap water and placed in
10% formalin solution for 30 min. They were rinsed again
with tap water, placed in Schiff's reagent for 15 min and
transferred to a sulphurous acid-rinse for 2 min. The
larvae were then transferred to acid solutions twice
more, at 2 min intervals, and washed in tap water for 2
min. The organisms were counterstained in haematoxylin
for 2-5 min, washed in tap water for 5 min, dehydrated
through graded alcohols (50, 60, 70, 80, 90, 95 and 100%)
transferred to xylene, and mounted in DPX. A red
coloration indicated a positive reaction for glycogen.
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Best's Carmine Method
Rediae were brought from xylene to 70% alcohol,
transferred to tap water and stained in alum haematoxy-
lin for 10-15 min, and washed briefly and stained in
Best's carmine staining solution for 30 min. The larvae
were then rinsed in 2 changes of Best's differentiater,
briefly washed in 905(S alcohol, placed in absolute
alcohol, transferred to xylene and mounted in DPX. A red
coloration indicated the presence of glycogen.
Periodic Acid Shiff Method (PAS) (Southgate, 1927)
Rediae were washed in distilled water and placed in
a periodic acid solution for 5 min, washed with tap
water, treated with Schiff's reagent for 15 min, washed
again in tap water, and differentiated in 1% acid
alcohol. The rediae were then dehydrated through graded
alcohols to xylene and mounted In DPX. A PAS-posltlve
reaction was Indicated by a blue coloration.
The enzymes diastase, hyaluronldase and amylase were
used in control experiments. Rediae were treated with
these enzymes in the elucidation of acid mucosubstances.
The organisms were incubated for 18 hr in the enzyme
solution. Following treatment, the rediae were stained
and observed for positive reactions.
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Hlstochemlcal Demonstration of Lipids
Oil Red 0 Method (Lillie and Ashburn, 1943)
The organisms were washed in distilled water and
placed in 60% triethyl phosphate, stained in oil red 0
solution at 20 C for 15 min, washed in distilled water
for 5 min, counterstained in haematoxylin for 1 min,
washed in tap water for 5 min, and mounted In glycerin
Jelly. A red coloration indicated a positive reaction.
Sudan Black Method (Lison and Dagnelie, 1935)
The larvae were washed in distilled water and placed
in 60% triethyl phosphate. Redlae were stained in Sudan
black B solution at 20 C for 10 min, placed in 60%
triethyl phosphate for 30 sec, washed in distilled water,
and mounted in glycerin jelly. A black coloration
indicated a positive reaction.
Enzyme Cytochemistry and Transmission Electron Microscopy
Fixation Methods
The fixation methods of Holt and Hicks (1961) and
Etherton and Botham (1970) were used to demonstrate AcP
activity, ultrastructurally. The larvae were dissected
from the intestinal wall of the snails and prefixed for
24 hr in 4% depolymerized formaldehyde with 8% sucrose.
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pH 7.2, and for 30 min in 3% glutaraldehyde in 0.1 M
sodium cacodylate buffer, pH 7.2. The larvae were then
washed for 30 min in acetate buffer containing 7.5%
sucrose and incubated for 30 min in acetate buffer
containing 7.5% sucrose, 1 mg/ml lead citrate and 4 mg/ml
substrate. The larvae were washed for 30 min in acetate
buffer at 4 C, postfixed for 60 min in 1% osmium
tetroxide in sodium cacodylate buffer (pH 4.4), dehy¬
drated in graded alcohols (50%, 70%, 95%, 100%).
The method of Mayahara e^ a_l. (1967) was used to
demonstrate AlP activity, ultrastructurally. The larvae
were collected from the intestinal wall of the snails and
fixed in 2% glutaraldehyde in 0.1 M cacodylate buffer (pH
7.4) for 1 h at 4 C. The larvae were briefly washed in
buffer and incubated for 30 min at 22 C in substrate-
medium containing 7.5% sucrose, 100 mg lead citrate and
400 mg substrate. The larvae were then postfixed in 1%
osmium tetroxide for 1 h at 4 C and dehydrated through
graded alcohols (50, 70, 95, 100%).
The method of Barrnett and Palade (1957) was used to
demonstrate the activity of dehydrogenase systems,
ultrastructurally. Fresh larvae were dissected from the
Intestine of the snail and Incubated for 1-7 h in a 0.1%
solution of nitro-blue tetrazollum (modification of
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Barrnett and Palade method) in 0.1 M Sorensen's phosphate
buffer (pH 7.6) at 37 C. The osmolar concentration of
this incubation medium was raised to 0.44 M by the
addition of sucrose. The tissue was then washed in 0.44
M sucrose and frozen for 30 min. This procedure was
used since it is known that frozen sections show no en¬
dogenous activity after thawing. It is assumed that
this treatment eliminates the interferences of substrates
that require pyridine-nucleotide coenzymes by dissociat¬
ing the enzyme-coenzyme system.
The assay system in which dehydrogenases was tested
contained the following ingredients: 0.2 M salt sub¬
strate, 0.1S5 nitro-blue tetrazolium, 20 ml Sorensen's
phosphate buffer (0.1 M at pH 7.6), 0.5 ml of 0.3 M
calcium chloride, 0.1 ml of 0.005 M magnesium chloride
and 0.5 ml of 0.6 M sodium bicarbonate. After an incu¬
bation period of 2 h at 37 C, the tissues were fixed
for 30 min in cold 15)5 osmium tetroxide buffered at pH 7.4
with acetate veronal and containing enough sucrose to
raise the overall osmolar concentration to 0.44 M. The
fixed tissue was then washed briefly in 0.44 M sucrose
and dehydrated in increasing concentrations of ethyl
alcohol ( 50, 70, 95, 1005)5). Control tissues for all
enzyme assays were incubated in (1) a substrate-free
medium, (2) a substrate-medium containing 10~3 M sodium
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fluoride (phosphatase assays only), or (3) an appropriate
substrate-medium after heat treatment for 1-5 min at
90 C.
Embedding
After tissues were dehydrated with absolute alcohol,
they were infiltrated overnight in a mixture of absolute
alcohol and Spurr's low viscosity resin (1:1). Tissues
were then transferred to fresh Spurr's resin in Beem
capsules and polymerized at 60 C for 24 hr.
Sectioning and Staining
Thick sections (1-3 m) were prepared, stained with
toluidine blue and used to select (light microscopically)
areas for thin sectioning. Thin sections were prepared
with glass knives on the LKB III ultramicrotome and
collected on 300 mesh copper grids. These sections were
double-stained with 1% aqueous uranyl acetate and lead
citrate, prepared according to the method of Reynolds
(1967).
Specimens were examined with a JOEL/JEM-IOOCX-II
electron microscope. Ultrastructural analyses in this
investigation routinely required only low to mid-range
(1,000 to 35,000) magnification.
CHAPTER IV
RESULTS
Hlstochemlcal Demonstration of Protein: Hydrolytic
Enzymes
Using the Ninhydrln-Schiff method, a generalized
distribution of proteins was detected throughout the
larval body (Figs. 1 and 2). Both the tegvunent and oral
sucker of the redia could be specifically identified.
The experimental results demonstrating the presence
of hydrolytic enzymes in rediae and sporocysts of
Euhaplorchls californiensis. Maratrema uca and small
strigeids are summarized in Tables 1, 2 and 3. Except
for the nerve tracts, AcP, AlP, AChE and NSE were
localized in the target tissues. Beta-Glu and LAP
showed no activity in any of the tissues.
A moderate reaction for AcP activity was seen
throughout the germinal clusters of the sporocysts
(Fig. 3). No specific structures could be identified
within this larval stage. When the specific substrate
was omitted from the incubation medium, no such activi¬
ty was observed (Fig. 4). In contrast to the sporo¬
cysts, a weak AcP reaction was seen in the teguments and
















Acid phosphatase (AcP) +++ ++ ++ + ++ —
Alkaline phosphatase (A1P) ++ ++ ++ ++ ++
Cholinesterase
(AChE)
+++ ++ ++ ++ +++ +++
Beta-glucuronidase
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Key: - = negative; + = positive; ++ = moderately positive; +++ = strongly positive
Fig. 3. Hlstochemical localization of acid phosphatase
in the sporocyst of Maratrema uca, shown by
dark deposits.
Key to lettering of figure:
GC, germinal cluster
Scale bar « 30 pm
Control (no substrate) showing the absence of
acid phosphatase in the germinal clusters
of the sporocyst of Maratrema uca.
Key to lettering of figure:
GC, germinal cluster





reaction occurred in the oral sucker and pharynx area
(Fig. 5).
A moderate to strong reaction was observed for NSE
in all organisms studied. As seen in Fig. 6, a strong
reaction was observed in the tail and oral sucker of
the developing cercarlae, and to a lesser degree in the
nerve tract and acetabulum.
AlP activity was seen as a generalized deposit of
orange/red products at the site of enzyme activity. A
strong positive reaction for AlP was localized through¬
out the germinal clusters of the rediae and sporocysts
(Pig. 7). No reactions occurred in the controls
(Fig. 8). In addition, AlP was strongly reactive within
the tail and acetabulum of the developing cercaria
(Figs. 9 and 10).
Positive reactions for AChE were indicated by the
light brown to dark brown color at the sites of enzyme
activity. A strong reaction for AChE was obtained in
the oral sucker, tails and nervous system of the
developing cercarlae (Fig. 11). A moderate to strong
reaction for AChE also occurred in the acetabulum of the
developing cercarlae (Fig. 12). As seen in Fig. 13, the
reaction was sensitive to eserlne, which abolished
activity throughout the nervous system.
Fig. 5. Histochemical localization of acid phosphatase
in the redia of Maratrema uca, illustrated by
dark deposits.




Scale bar « 30 pm
Fig. 6. Histochemical localization of non-specific
esterase in Euhaplorchis californiensis.
Enzymes activity indicated by dark deposits.




COS, cercaria oral sucker
EC, emerging cercaria





Histochemical localization of alkaline phos
phatase in the sporocyst of Maratrema uca.
Key to lettering of figure:
6C, germinal cluster
Scale bar » 30 pm
. Control (heat-treated) showing the absence of
alkaline phosphatase activity in the sporocyst
of Maratrema uca.
Key to lettering of figure:
GC, germinal cluster
Scale bar » 30 pm
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Fig. 9. Histochemical localization of alkaline phos
phatase in the redia of Maratrema uca.
Key to lettering of figure:
Arrows indicate tails
OS, oral sucker
Scale bar « 30 pm
. Histochemical localization of alkaline phos
phatase in the redia of small strigeids.
Key to lettering of figure:
A, acetabulum
Scale bar = 30 pm
Fig. 10
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Fig. 11. Histochemical localization of acetylcholinest¬
erase in the redia of Euhaplorchis californien-
sis.




Scale bar » 5 pm
Fig. 12. Histochemical localization of acetylcholinest¬
erase in the redia of Euhaplorchis califor-
niensis.
Key to lettering of figure:
OS, oral sucker
A, acetabulum
COS, cercaria oral sucker
Scale bar » 5 pm
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Fig. 13. Control (10~3 m eserine) showing inhibition of
acetylcholinesterase activity in the redia of
small strigeids.
Key to lettering of figure:
T, tail
OS, oral sucker




Hlstochemlcal Demonstration of Protein; Dehydrogenases
Histochemical results for the dehydrogenase systems
in different organs of the larval trematodes are
summarized in Tables 4, 5 and 6. In all the organs and
systems studied, some enzymatic activity was observed,
except for ALDH and beta-HBDH. Positive histochemical
results for the dehydrogenase systems were indicated by
deposits of dark blue/purple products at the sites of
enzymatic activity. As seen in Figs. 14 and 15, the
reactions were strong for SDH and MDH in the oral sucker
and tegument of the redia, and also in the oral sucker,
acetabulum, nerve tracts and tail of the developing
cercaria. ICDH was concentrated throughout the germinal
cluster, especially in the developing tails (Fig 16);
whereas, control experiments showed no such staining
intensity (Fig. 17). The reactions for alpha-GPDH and
G-6-PDH were moderate to strong at the sites of the oral
sucker, germinal clusters, developing cercaria and
emerging cercaria (Figs. 18 and 19). Moderate concen¬
trations were also seen in the nerve tracts of the
developing cercarlae.
Tests for dehydrogenases associated with the
pentose phosphate shunt revealed a high degree of
activity for 6-PGDH at all sites studied, especially the














— — — — — —
Isocitrate dehydrogenase
(ICDH)
+++ +++ +++ +++ +++ ++
Lactate dehydrogenase
(LDH)
++ + + + + +
Maiate dehydrogenase
(MDH)
+++ +++ +++ +++ +++ ++
Succinate dehydrogenase
(SDH)
+++ +++ +++ +++ +++ ++
Glutamate dehydrogenase
(GLDH)
++ + + + + +
Key: - = negative; + = positive; ++ = moderately positive; +++ = strongly positive
TABLE 4: (con't): Dehydrogenase Activity in the Larvae of Euhaplorchis callforniensis
Enzyme
oral pharynx germ immature

























Key: - = negative; + = positive; ++ = moderately positive; +++ = strongly positive














— — — —
Isocitrate dehydrogenase
(ICDH) ++ + + + ++ +
Lactate dehydrogenase
(LDH)
++ + + + ++ +
Malate dehydrogenase
(MDH)
++ + + + ++ +
Succinate dehydrogenase
(SDH)
++ + + + ++ +
Glutamate dehydrogenase
(GLDH)
++ + + + ++ +
Key: - = negative; + = positive; ++ = moderately positive; +++ = strongly positive














++ + + + ++ +
beta-hydroxybutyrate
dehydrogenase (beta-HBDH)
— — — —
G1ucose-6-phosphate
dehydrogenase (G-6-PDH)
++ + + + ++ +
NADH Diaphorase (NADHD) ++ + + + ++ +
NADPH Diaphorase
(NADPHD)
++ + + + ++ +
6-phosphogluconic acid
dehydrogenase (6-PGDH)
++ + + + ++ +'
Key: - = negative; + - positive; ++ = moderately positive; +++ = strongly positive
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Isocitrate dehydrogenase
(ICDH)
++ ++ ++ + ++ +
Lactate dehydrogenase
(LDH)




++ ++ ++ + ++ +
Succinate dehydrogenase
(SDH)
++ ++ ++ + ++ +
Glutamate dehydrogenase
(GLDH)
+ + + + ++
—
Key: - = negative; + * positive; ++ = moderately positive; +++ strongly positive




















++ ++ ++ + ++ +
NADH Diaphorase
(NADHD)
++ ++ ++ + ++ +
NADPH Diaphorase
(NADPHD)
++ ++ ++ + ++ +
6-phosphogluconic acid
dehydrogenase (6-PGDH)
++ ++ ++ + ++ +
Key: - = negative; + = positive; ++ = moderately positive; +++ = strongly positive
Fig. 14. Histochemical localization of succinate
dehydrogenase in the redia of Euhaplorchis
californiensis.




Scale bar = 5 pm
Pig. 15. Histochemical localization of malate dehydro¬
genase in the redia of Euhaplorchis californ¬
iensis .
Key to lettering of figure:
A, acetabulum




Scale bar = 5 pm
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Pig. 16. Histochemical localization of isocitrate
dehydrogenase in the redia of Maratrema uca.
Key to lettering of figure:
GC, germinal cluster
T, tail
Scale bar - 30
Fig. 17. Heat-treated control showing the absence of
isocitrate dehydrogenase activity in the redia
of Maratrema uca.
Key to lettering of figure:
GC, germinal cluster
Scale bar = 30 iim
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Fig. 18. Histochemical localization of alpha-glycero¬
phosphate dehydrogenase in the redia of Euhap-
lorchis californiensis.
Key to lettering of figure:
GC, germinal cluster
NT, nerve tract
Scale bar « 5 pm
Fig. 19. Histochemical localization of glucose-6-phos-
phate dehydrogenase in the redia of small
strigeids.
Key to lettering of figure:
EC, emerging cercaria
6C, germinal cluster




oral sucker and germinal clusters (Fig. 20). Moderate
concentrations of these enzymes were also seen in the
nerve tracts of the developing cercariae. Control
experiments showed no such intensities and revealed no
such structures (Fig. 21). A weak reaction for LDH was
seen throughout most of the redial tissue, but a
moderate to strong reaction for this dehydrogenase also
occurred around the birth pores of the rediae and the
emerging cercariae (Fig. 22). Compared to LDH, alpha-
GPDH was concentrated throughout the germinal clusters
of the rediae (Fig. 23). There were strong NADHD
reactions throughout all larval tissues studied,
especially in the pharynx and tegument of the rediae,
and the oral sucker, acetabulum and nerve tracts of the
developing cercariae (Fig. 24). However, there were no
such reactions when the coenzyme (NAD) was omitted from
the incubating medium (Fig. 25). NADPHD reactions were
also observed throughout all larval tissues, especially
the tails of the developing and emerging cercariae
(Fig. 26 and 27).
Histochemical Demonstration of Carbohydrates
The Best's carmine and PAS methods indicated the
presence of scattered droplets of glycogen in the
Fig.
Fig.
20. Histochemlcal localization of 6-phosphoglucon-
Ic acid dehydrogenase in the redia of Euhap-
lorchis californiensis.
Key to lettering of figure:
OS, oral sucker
NT, nerve tract
Scale bar * 5 pm
21. Control (no substrate) showing the absence of
enzyme activity in the redia of Euhaplorchis
californiensis.
Key to lettering of figure:
OS, oral sucker
Scale bar = 5 pm
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Fig. 22. Histochemical localization of lactate dehydro¬
genase in the redia of small strigeids, as
indicated by dark deposits.
Key to lettering of figure:
EC, emerging cercarla
BP, birth pore
Scale bar = 30 pm
Fig. 23. Histochemical localization of alph-glycero-
phosphate dehydrogenase in the redia of
Maratrema uca. Arrows indicate germinal
clusters and sites of enzyme activity.
Scale bar = 30 pm
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Fig. 24. Hlstochemical localization of beta-nicotin¬
amide Adenine dinucleotide diaphorase in the
redia of Euhaplorchis californiensis.
Key to lettering of figure:
OS, oral sucker
NT, nerve tract
COS, cercaria oral sucker
T, tall
Ab, ambulatory bud
Scale bar - 30 pm
Fig. 25. Control (no co-enzyme) showing the absence of
be t a-n i CO t i nam i de adenine dinucleotide
diaphorase activity in the redia of Euhaplor¬
chis californiensis.
Key to lettering of figure:
GC, germinal cluster
OS, oral sucker
Scale bar - 30 pm
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Fig. 26. Histochemlcal localization of beta-nicotin¬
amide Adenine dinucleotide phosphate diaph-
orase in the redia of small strigeids.
Key to lettering of figure:
T, tail
A, acetabulum
Scale bar - 30 pm
. Histochemlcal localization of beta-nlcotin-
amide Adenine dinucleotide phosphate dia-
phorase in redia of Maratrema uca. Arrows
indicate developing tails.





teguments and germinal clusters of sporocysts and redlae
(Fig. 28). Glycogen first appeared In the developing
cercarlae In the germ ball stage and accumulated
progressively as development proceeded (Fig. 29). In
contrast, control experiments showed no such staining
Intensities (Fig. 30).
The presence of glycoproteins, mucoprotelns and
mucopolysaccharides were Indicated by PAS-posltlve
reactions. The PAS-posltlve spherules were found In the
cytoplasm of the tegument of the redla and the body of
the developing cercarla (Fig. 31).
Acid mucopolysaccharides were Indicated by a
strongly positive reaction to alclan blue In the outer
region of the tegument and cells lining the body of the
cavity. With advanced development, the germinal
clusters showed an Increased staining Intensity for
mucopolysaccharides. The germ balls were rich In these
substances (Fig. 32).
Hlstochemlcal Demonstration of Lipids
A strongly positive reaction to oil red 0 Indicated
the presence of neutral lipids throughout the germinal
clusters of sporocysts (Fig. 33). As development of the
larvae proceeded, the Intensity of staining Increased In
Fig. 28. Histochemical localization of glycogen (Best's
carmine method) In the sporocyst of small
strlgelds. Indicated by dark deposits.
Key to lettering of figure:
GC, germinal cluster
Tg, tegument
Scale bar = 30 pm
Fig. 29. Histochemical localization of carbohydrates
(Periodic acid-Schiff method) In the redia of
Euhaplorchls callfornlensls. Arrows indicate
developing cercariae.




Fig. 30. Control (hyaluronldase-treated) showing the
negative Periodic acid-Schlff reaction in
germinal clusters (arrows) in Maratrema uca.
Scale bar = 30 urn
Fig. 31. Histochemical localization of carbohydrates
(Periodic acid-Schiff method) in the redia of
Maratrema uca.
Key to lettering of figure:
Tg, tegument
6C, germinal cluster
Scale bar = 30 urn
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Fig. 32. Histochemical localization of acid mucopoly¬
saccharides (alcian blue method) in the redia
of Euhaplorchis californiensis.
Key to lettering of figure:
GC, germinal cluster
Scale bar = 30 pm
Fig. 33. Histochemical localization of lipids (oil red
0 method) in the sporocyst of small strigeids.
Arrows indicate germinal clusters.




the germinal clusters (Fig. 34). However, control
experiments revealed no such reactions (Fig. 35).
The Sudan black B method, which reveals the
presence of glycolipids, proteollpids and phospholipids,
showed that the lipid content was high in the teguments
of both sporocysts and rediae, and in the oral suckers
of rediae (Figs. 36 and 37). As seen in Fig. 38,
control experiments were negative for this method.
Ultrastructure of the Subtegument
Electron microscopic examination of the redla and
sporocyst stages revealed that the brood chambers con¬
tain several multinucleated embryos at various stages of
development (Fig. 39). Among these embryos are a number
of myelin bodies dispersed within connective tissue. At
higher magnification, these bodies were seen to contain
16-17 concentric lamellae (Fig. 40) . The developing
embryos are surrounded by an extracellular layer which
rests on a basal lamina (Fig. 41). In addition, an
extensive agranular endoplasmic reticulum was often
seen associated with lipid synthesis within embryos
(Figs. 42 and 43). In many cases, the lipid first
appears as small droplets within the cytoplasm, which
subsequently coalesce to form large solid osmiophllic
Fig. 34. Histochemical localization of lipids (oil red
0 method) in the sporocyst of small strigeids.
Key to lettering of figure:
GC, germinal cluster
Scale bar « 30 pm
Fig. 35. Control (acetone-treated) showing no reaction
for lipids in the redia of small strigeids.
Key to lettering of figure:
T, tall
BP, birth pore
Scale bar = 30 pm
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Fig. 36. Histochemical localization of lipids (Sudan
black B method) in the redia of Euhaplorchis
californiensis.
Key to lettering of figure:
OS, oral sucker
Tg, tegument
Scale bar = 30 pm
Fig. 37. Histochemical localization of lipids (Sudan
black B method) in the sporocyst of small
strigeids. Arrows indicate the tegument.
Scale bar = 30 pm
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Fig. 38. Control (acetone-treated) showing no reaction
for lipids in the redia of small strlgeids.
Key to lettering of figure:
Tg, tegument
OS, oral sucker
Scale bar - 30 pm
Fig. 39. Electron micrograph illustrating the morpholo¬
gy of the subtegumentary region of the redia
of Euhaplorchis californiensis.





Scale bar ^ o.5 pm
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Fig. 40. Electron micrograph illustrating myelin
bodies (Mb) in the brood chamber of Euhaplor-
chis californiensis.
Scale bar = 0.25 pm
Fig. 41. Electron micrograph illustrating the surface
the developing embryo in the sporocyst of
Maratrema uca.





Scale bar = 10 pm
89
Fig. 42. Electron micrograph illustratingthedeveloping
embryo in the sporocyst of the small strigeid.
Key to lettering of figure:





Scale bar » lo pm
Fig. 43. Electron micrograph illustrating lipid
synthesis in the developing embryo in the
sporocyst of the small strigeid.
Key to lettering of figure:
AER, agranular endoplasmic reticulum
BC, brood chamber
L, lipid
Scale bar = 0.2 pm
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lipid droplets (Fig. 44). Glycogen was demonstrated as
large aggregates of alpha particles.
Cvtochemical Demonstration of Hydrolytic Enzymes
The reaction product of AGP activity is siunmarized
in Table 7. The reaction was observed along the plasma
membrane and microvilli of the tegument, and the
membrane-bound vesicles of the cytoplasmic layer of the
tegument (Fig. 45 and 46). As seen in Figs. 46 and 47,
the loosely arranged vesicles showed a moderate to
strong reaction for AcP within the membranes. In
contrast, control experiments in which the substrate was
omitted (Fig. 48), or sodium fluoride was added
(Fig. 49) did not show reactivity products at these
sites.
AlP activity was also demonstrated in the tegument
of all organisms studied. These results are summarized
in Table 8. A dense precipitate was often seen on the
membrane of microvilli, but the cores, when visible,
were devoid of enzyme activity (Fig. 50). The
membrane-bound vesicles and endoplasmic reticulum
exhibited AlP reactivity, often being abundant in
the membranes (Fig. 51). Inclusion of 1 mM sodium
fluoride in the incubation medium completely inhibited
Fig. 44. Electron micrograph illustrating the devel¬
oping embryo (DE) in the redla of Euchaplor
-chis californiensis.
Key to lettering of figure:
AER, agranular endoplasmic reticulum
Gly, glycogen
L, lipid
Scale bar » 0.97 pm
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TABLE 7; Acid Phosphatase Activity In Larval Trematodes
Membrane
Plasma Bound Muscle





++ + ++ +
Small
strigeids







Key: - = negative; + = positive (moderately)', ++ positive (strongly)
Fig. 45. Cytochemical localization of acid phosphatase
activity in Euhaplorchis callforniensis.






Scale bar = 0.5 pm
Fig. 46. Cytochemical localization of acid phosphatase
activity in small strigeids.





Scale bar = 0.97 pm
ZL
Fig. 47. Cytochemical localization of acid phosphatase
activity in small strigeids. Higher magnifi¬
cation of figure 46.






Scale bar - 0.2 pm
Fig. 48. Control (no substrate) showing no activity for
acid phosphatase in Euhaplorchis californien-
sis.
Key to lettering of figure:
DC, distal cytoplasm
EDB, electron dense body
MB, muscle bundle
MV, microvilli
Scale bar ^ 0.5 yim
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Mv
Fig. 49. Control (10~3 mM NaF) showing no activity for
acid phosphatase in small strigeids.






Scale bar ^ lo pm
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TABLE 8; Alkaline Phosphatase Activity In Larval Trematodes
Electron
Plasma Dense Muscle






++ + ++ +
Small







Key; - = negative; + positive (moderately); ++ = positive (strongly)
Fig. 50. Cytochemlcal localization of alkaline phospha¬
tase activity in small strigeids.
Key to lettering of figure:
EDB, electron dense body




Scale bar ^ lo
Fig. 51. Cytochemlcal localization of alkaline phospha¬
tase activity in Euhaplorchis californiensis.
Key to lettering of figure:
BL, basal lamina
EDB, electron dense body
MB, muscle bundle
MV, microvilli
Scale bar = 0.97 pm
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the reaction (Fig. 52). In addition, membranes of mito¬
chondria and nuclei throughout the cytoplasmic layer of
the tegument were strongly positive for AlP activity
(Figs. S3, 54 and 55). In contrast, however,
heat-treated specimens did not show such reactions
(Fig. 56).
Cvtochemical Demonstration of Dehydrogenases
The reactive product of the cytochemlcal reactions
for demonstrating SDH activity were found exclusively in
the mitochondrial membranes and in close relationship
with the cristae (Figs. 57 and 58). Tissues which were
heat-treated prior to fixation were completely devoid of
any such activity (Fig. 59). Likewise, tissues which
were incubated in substrate-free assays were also
negative for SDH activity (Fig. 60). Similarly, as
shown in Figs. 61 and 62, MDH activity was observed
exclusively in the mitochondrial membranes; whereas,
heat-treated specimens showed no such activity
(Fig. 63). Although not shown, other dehydrogenases
studied in this investigation were also localized at
similar sites, associated with mitochondrial membranes.
Beneath the cytoplasmic layer, muscle bundles were
identified, often surrounded by mitochondria and
Fig. 52. Control (10“3 NaF) showing no activity for
alkaline phosphatase in Euhaplorchis cali-
forniensis.




Scale bar = 0.97 pm
Fig. 53. Cytochemical localization of alkaline phospha¬
tase activity in the sporocyst of Maratrema
uca.
Key to lettering of figure:










Fig. 54. Cytochemlcal localization of alkaline phospha¬
tase activity in the redia of Euhaplorchis
californiensis.
Key to lettering of figure:
EDB, electron dense body
MB, muscle bundle
N, nucleus
Scale bar » 0.97 pm
Fig. 55. Cytochemical localization of alkaline phospha¬
tase activity in Maratrema uca.








56. Control (heat-treated) showing no activity for
alkaline phosphatase activity in Maratrema
uca.
Key to lettering of figure:
EDB, electron dense body
M, mitochondrion
N, nucleus
Scale bar = 0.1 pm
57. Cytochemical localization of succinate
dehydrogenase activity in small strigeids.
Key to lettering of figure:
M, mitochondrion
MB, muscle bundle
Scale bar - 0.5 pm
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Fig. 58. Cytochemical localization of succinate
dehydrogenase activity in Euhaplorchis
californiensis.
Key to lettering of figure:
M, mitochondrion
Scale bar « 0.97 pm
Fig. 59. Control (heat-treated) showing no activity for
succinate dehydrogenase in Euhaplorchis
californiensis.
Key to lettering of figure:
M, mitochondrion
Scale bar = 0.15 pm
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Fig. 60. Control (substrate-free) showing no activity
for succinate dehydrogenase in Euhaplorchis
californiensis.
Key to lettering of figure:
M, Mitochondrion
N, nucleus
Scale bar 0.5 pm
Fig. 61. Cytochemical localization of malate dehydro¬
genase activity in small strigeids.
Key to lettering of figure:
EDB, electron dense body
M, mitochondrion
N, nucleus




62. Cytochemical localization of malate dehydro¬
genase activity in Maratrema uca.
Key to lettering of figure:
M, mitochondrion
Scale bar » 0.5 v^m
63. Control (heat-treated) showing no activity for
malate dehydrogenase in Maratrema uca.
Key to lettering of figure:
EDB, electron dense body
M, mitochondrion
MB, muscle bundle
Scale bar = 10 vim
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electron dense bodies which showed reactivity for NAOPHD
(Fig. 64). In contrast, heat-treated specimens showed
no such reactivity for NADPHD (Fig. 65).
Fig. 64. Cytochemlcal localization of NADPH diaphorase
activity in Maratrema uca.
Key to lettering of figure:
M, mitochondrion
6ER, Grandular endoplasmic reticulum
N, nucleus
MB, muscle bundle
Scale bar = 0.5 pm
Fig. 65. Control (heat-treated) showing no activity for
NADPH diaphorase in Euhaplorchis californien-
sis.
Key to lettering of figure:
MB, muscle bundle
M, mitochondria




Hlstochemlcal Demonstration of Hydrolytic Enzymes
In this investigation, hydrolytic enzymes were
demonstrated in most of the target tissues observed.
Both AcP and'AIP were localized throughout the teguments
and germinal clusters of both the rediae and sporocysts
of Maratrema uca, Euhaplorchls californiensis and small
strigeids. In addition, these phosphatases were
specifically localized in the oral suckers of rediae,
and the oral suckers, pharynx areas and tails of the
immature cercariae within the brood chambers. Based on
these results, it is suggested that this activity may be
associated with absorption and metabolism of carbohy¬
drates and lipids, and cellular reorganization in
metamorphosis of cercarial tissues. The present results
are in agreement with those of previous workers (Cheng,
1963; Cheng, 1964; James and Bowers, 1967; Probert,
1966; Porter and Hall, 1970; LeFlore, 1978), extending
the evidence that both the tegument and oral sucker of
the rediae and the tegument of the sporocysts are
enzymatically active and have probable absorptive and
digestive functions. Cheng (1963) suggested that many
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larval trematodes obtain their nutrients from the host
via the tegument, which appears to be the situation with
sporocysts, where the absence of a gut necessitates that
all nutrients entering the larvae do so through the
tegument. In addition, Cheng (1964) suggested that AlP
in the wall of the redia may be functioning either for
phosphorylation of substances for passage through the
body wall or in the hydrolytic catabolism of glycogen in
the surrounding host tissues.
Furthermore, Krupa e^ a^. (1967) detected AcP-
positive organelles that are believed to be lysosomal in
function in Crvptocotyle lingula rediae. Similar
results were obtained by Reader (1970) in the rediae of
digenean parasites. Consequently, Reader (1970) pro¬
posed that the phosphatase activity in larval trematodes
is lysosomal in origin and probably functions in
intracellular digestion. The involvement of lysosomal
enzymes in regeneration and metamorphosis has been
reported by Miller and Wolfe (1968) and Varute (1970).
They observed that this type of reactivity is absent in
later stages of development, and staining is restricted
to specific tissues such as the intestinal primordia.
Other hydrolytic enzymes, namely AChE and NSE, in
the present study have revealed details of the gross
morphology of the nervous system of larval trematodes.
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These results showed that AChE and NSE were localized in
the tegument (body wall) and the proximal subtegument of
the redia, and in the nerve tracts of the developing
cercariae within the brood chamber. The presence of
these hydrolytic enzymes in the tegument of the redia
suggests that it may have a remnant nervous system.
This may be the first evidence of such a system in the
redial stage of trematodes. However, AChE activity has
been reported in the nervous system of schistosome
cercariae by Lewert and Hopkins ( 1965) and in the
metacercariae of Posthodiplostomum minimum by Bogitsh
(1966). Additionally, James and Bowers (1967) described
esterase activity in the excretory system and in the
parenchyma beneath the tegument of cercariae of Bucepha-
lopsis haimaena.
In contrast to the majority of hydrolytic enzymes
in the present study, LAP and beta-Glu were not demon¬
strated in the rediae and sporocysts, suggesting that
hydrolysis of polypeptide chains probably does not occur
at these stages of development and is not required for
the transport of proteins across the epithelial cells
lining the caecum. In contrast, Cheng and Yee (1968)
reported that LAP activity occurred at the body surface
of the rediae and cercariae of Philopthalmus graili.
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suggesting that LAP may be responsible for extracaecal
digestion and for lysis of host cells during parasite
migration. However, the lack of LAP and beta-Glu in
the redial stages presently studied are in accord with
previous investigations by Frlpp (1966), Lee (1962) and
Porter and Hall (1970) which showed that these enzymatic
activities were localized in cercarial stages.
Histochemical Demonstration of Dehydrogenases
Positive histochemical reactions for the dehydro¬
genase systems in this study were detected in the rediae
and sporocysts of Euhaplorchls californiensis, Maratrema
uca and small strigeids. Dehydrogenase activities were
observed in the teguments and germinal clusters of both
the sporocysts and rediae, and the oral sucker and
pharynx area of the rediae. In addition, dehydrogenase
activities were specifically localized in the oral
sucker, acetabulum, nerve tracts and tail of immature
cercariae within rediae. These findings suggest that a
number of energy-producing sequences may be available to
the redial and sporocyst stages. Specifically, the
positive reactions for SDH, MDH and ICDH indicate that
the tricarboxylic acid cycle is available to these
larval trematodes. The presence of LDH suggests that a
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typical glycolytic pathway from glycogen to lactic acid
may also be available. The presence of G-6-PDH and
6-PGDH, although a weak reaction, suggests that there Is
a probable functional pentose-phosphate pathway for the
synthesis of nucleic acids.
In contrast, however, reactions for ALDH and
beta-HBDH were negative In the present Investigation.
Negative ALDH reactions suggest that alcohol fermenta¬
tion does not occur within the sporocysts and redlae.
Similarly, the negative beta-HBDH reactions suggest
that these larval stages would have no need for this
enzyme until their emergence to the free swimming stage,
at such time when lipid catabolism takes place. This Is
supported by observations of Glnetzlnskaja (1961) and
James and Bowers (1967) which show that developing cer-
carlae are bathed In glycogen and fatty acids, and
suggest that the dehydrogenases of the tegumental area
metabolize these nutrients at the site of their absorp¬
tion. According to Porter and Hall (1970), the dehydro¬
genase activity associated with developing trematodes
may be linked with production of energy necessary for
the extension and contraction of the cercarlal tall and
discarding of the tail as the cercarla penetrates the
second Intermediate host.
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Hlstochemlcal Demonstration of Carbohydrates
The distribution of carbohydrates in the redlae and
sporocysts reported in this investigation strongly
suggests that a high rate of metabolism occurs at these
stages. The more fully formed cercariae within the
redia demonstrated large deposits of glycogen in their
oral suckers, tails and teguments. The presence of
glycogen at these sites suggests that the host's
glycogen may be absorbed by the parasite, which event¬
ually passes into the body of the developing cercariae.
Since little glycogen is found in the inner tegument, it
may be broken down in the mid-tegument, possibly with
the help of AcP and AlP which occur in this region.
The significance of the distribution of glycogen
and glucose has been discussed by James and Bowers
(1967). They suggested that these substances are
synthesized in the dense cytoplasm of the tegument, and
then pass into the body wall of the developing cercar¬
iae. Additionally, these substances may be precursors
of the acid mucopolysaccharides which line the cell
membranes and body cavities of the sporocysts and rediae
and are secreted into the host's visceral haemocoel.
Similarly, Cheng and Snyder (1962) suggested that
glucose that is derived from host glycogen passes
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through the body wall and becomes stored as glycogen in
the cercarlal body. This stored glycogen appears during
various stages of development, reaching a maximum in
fully formed cercariae. Ginetzinskaja (1961) showed
that this stored glycogen is utilized aerobically during
the free-swimming existence of the cercariae. She also
showed that the amount of stored glycogen in the tails
of the cercariae is related to the activity of the tall
during the free-living stage. James and Bowers (1976)
observed that there is a decrease in glycogen and an
increase in glucose in the host tissue in the neighbor¬
hood of the parasite. This distribution in the parasite
suggests that glucose is absorbed from the host tissue
and passes, first into the outer tegument through the
dense cytoplasm and then into the body cavity of the
rediae and sporocysts. Finally, it passes into the
bodies of the developing cercariae.
Histochemical Demonstration of Lipids
Lipid deposits were demonstrated in the tegument
and subtegument of the larvae in this study. Traces of
lipid materials were observed within the germ balls and
tegument of both the rediae and sporocysts. The lipid
droplets were most abundant within the mature cercariae.
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When compared with the redia and sporocyst.
GinetzlnskaJa (1961) and Ginetzinska ja and
Dobrovolskii (1962) demonstrated lipids in the tegument
of the larvae, showing that the amount was correlated
with the degree of activity of the cercariae, and the
lipid was used up during the free-living stage.
Additionally, these investigators suggested that the
lipid globules increase the bouyancy of the cercariae,
as well as supply energy, and they increase in number
with development of the cercariae, rising to a maximum
in the fully formed ones. Ginetzlnskaja (1961) demon¬
strated neutral lipids and stored lipids, possibly
phospholipids, glycoliplds and proteoliplds; whereas,
Cheng and Snyder (1962) only observed fatty acids in the
species they examined. These differences may be
accounted for by the observation made by Ginetzinskaja
(1961) that the amount of lipid present is correlated
with the position of the parasite in the host.
Ultrastructure of the Tegument
The tegument of the larval trematodes in the
present study were observed to have many projections of
microvilli on the surface in areas where invaginations
occur. Underneath the surface area are large membranous
95
bodies that vary in size, and several muscle bundles
surrounded by mitochondria. In some areas of the
tegument, the basal lamina appears to invaginate into
the cytoplasmic layer, suggesting that the tegument may
possess the ability to transport nutrients from the host
into the body of the developing larvae. Within the
brood chambers of the redia and sporocyst, there are
several developing cercariae surrounded by alpha
glycogen particles, lipid globules and myelin bodies.
Apart from the anterior end, the body wall of the
redia and sporocyst stages reported here is similar and
in accordance with previous ultrastructural observations
on the fine structure of rediae (Bils and Martin, 1966;
Dixon, 1970; Koie, 1971a; Krupa et ^. , 1967; Martin,
1966; Rees, 1966) and sporocysts (James and Bowers,
1967; Koie, 1971b Storch and Welsch, 1970) of other
trematodes.
In addition, the ultrastructure of the tegument of
larval trematodes in the present study is similar to
that of adult trematodes and cestodes as reported by
Morris and Halton (1971). These investigators have
suggested that similar invaginations and myelin bodies,
which occur in the tegument of the adult stage, are
associated with tissues possessing the ability to
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transport substances from one area to another. Like¬
wise, the ultrastructure of the tegument of larval
trematodes observed in the present study suggests that
the rediae and sporocysts are very active while migrat¬
ing into the host tissue. Furthermore, the abundance of
glycogen and lipid droplets suggests that there is a
high energy requirement during larval development which
may possibly be Involved in the absorption and transport
of nutrients from the host into the body of the develop¬
ing larvae.
Cvtochemical Demonstration of Hydrolytic Enzymes
From the results reported here, it is clear that
both AcP and AlP can be localized, ultrastructurally, in
the tegument and subtegument of Euhaplorchis californ-
iensis, Maratrema uca and small strigeids. Moderate to
strong activity was observed within the microvilli,
muscle bundles and cytoplasmic layer of the tegument.
The large vesicles observed within the cytoplasmic layer
were usually associated with pores, which may indicate
that a substance is released and that the substance may
be, or contain hydrolytic enzymes, playing a role in
extracellular digestion of host tissue. The microvilli
were sometimes observed to contain small vesicles which
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appeared to enlarge at their surface, suggesting that
probable digestion of the host tissue and absorption of
the nutrients may have been occurring at these sites.
Based on localizations of AlP and AcP In the tegument
and subtegument of other larval trematodes, severval
Investigators (Erasmus, 1958; Hugon and Bergers, 1966;
Koie, 1971a; 1971b; Krupa et , 1967) have similarly
proposed that the tegument of the redia and sporocyst
is metabolically active, capable of performing absorp¬
tion, extracellular digestion and energy transfer.
Furthermore, Dusanic (1959) has suggested that the mouth
of the redia probably has only a limited Importance In
the uptake of nutrients.
Cytochemlcal Demonstration of Dehydrogenases
The results of this Investigation have demonstrated
that SDH, MDH, NADPHD and other dehydrogenases are
localized on or in close proximity to the mitochondrial
membranes of the larval trematodes. Additionally, these
dehydrogenases gave positive reactions in the inner and
outer cristal spaces, and NADPHD activity was observed
on the nuclear membranes.
The localization of dehydrogenases within mitochon¬
dria is in agreement with observations reported by
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Farber et (1956), which probably represents the only
cytochemical demonstration of dehydrogenase activity in
larval trematodes. These investigators showed that
SDH reaction products were restricted to the mitochon¬
dria and that these activities were uniformly
distributed over the entire mitochondrion. The only
other studies on cytochemical localization of
dehydrogenases have been reported by Burtner e_t
al. (1956) and Nachlas et al.
(1957), using rat tissues. In their study of SDH in rat
liver tissue, Burtner ^ (1956) noted that small
granules of dinltroformazan appeared in tissue sections
which were incubated for various periods of time with a
different tetrazolium salt than that used in the present
study. However, Burtner et al. (1956) also noted that,
as Incubation progressed, new granules appeared to line
up against the old granules to produce beaded, rod-like
structures which resembled the shapes of mitochondria.
CHAPTER VI
SUMMARY
1. Hlstochemical localizations of AcP and AlP occurred
in the tegument of both the redia and sporocyst,
in the oral sucker of the redia, and the tail of the
developing cercarla, suggesting that larval trema-
todes may be capable of carbohydrate metabolism,
energy-transfer mechanisms and lysosomal activity.
2. Hlstochemical localizations of NSE and AChE were
associated with the nervous tissue of the redia
and sporocyst, and the nerve tracts of the develop¬
ing cercarla, suggesting that nerve impulses may be
conducted within the tissues of larval trematodes.
3. Hlstochemical localization of LAP was not observed
within the tissues of the larvae in the present
study, suggesting that the hydrolysis of polypeptide
chains does not occur at this level of development.
4. Hlstochemical demonstrations of carbohydrates and
lipids were localized primarily in the oral sucker
and tegument, and to a lesser degree within the
germinal clusters. These sites suggest that
carbohydrates and lipids are absorbed from the
host by the tegument and oral sucker, and transfer-




5. Histochemlcal localizations of SDH, MDH, 6LDH and
ICDH were seen within the pharynx area, tegument
germinal clusters and developing cercariae of larvae
in the present study, suggesting that the major
energy-producing pathways are available to these
larval trematodes.
6. Histochemlcal localizations of NADHD and NADPHD
were observed in all tissues studied, suggesting
that the electron transport chain is available to
these larvae and, as in other trematodes, is
probably their most important energy-producing
pathway.
7. Histochemlcal localizations of G-6-PDH and 6-PGDH
were also observed within all tissues studied,
suggesting that a functional pentose-phosphate shunt
and that hexoses may be converted into pentoses for
the synthesis of nuclei acids.
8. Histochemlcal studies revealed no activity for ALDH,
suggesting that alcohol fermentation does not occur,
or perhaps, functions at a very low level.
9. Cytochemically, AcP and AlP were localized in the
microvilli, basal laminal of the tegument and the
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cytoplasmic layer. These sites further suggest,
ultrastructurally, that transfer mechanisms are
available to these larval trematodes.
10. Cytochemically, dehydrogenases such as SDH and MDH
were localized exclusively in the mitochondria;
whereas NADPHD was seen in the mitochondria and
nuclear membranes. The localization of these
dehydrogenases at the ultrastructural level further
suggests that the major energy-producing pathways
are available to these larval trematodes.
11. Based on the evidence in this Investigation, it is
concluded that the nutritional patterns in larvae
of Euhaplorchis californiensis, Maratrema uca and
small strigeids follow the general pattern in most
other trematodes.
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